Photonic integrated circuits employing microcavities coupled to optical waveguides have been studied extensively in recent years, for their ability to provide functionality important to optical telecommunications, within a compact form. Making use of the amplitude response imparted by the resonator upon the transmission spectrum of the coupled waveguide, passive channel add-drop filters [I] and polymer optical modulators based on electrooptic tuning of the ring resonator spechum [2], have been demonstrated. For practical applications, it is desirable to engineer the drop channeVmodulator OFF state extinction to be as large as possible. Recently, it was noted [3] that the waveguide-resonator coupling and the internal loss of the resonator are significantly related in the extinction performance of such devices. An optical modulator based on the principle of controlled waveguide-resonator coupling [4] has been designed to have large OFF state extinction. Furthermore, when compared to a conventional MachZehnder interferometer (MZI) modulator, the device presented here demonstrates significant reductions in the ON-OFF switching voltage, owing to the cavity enhanced phase response of the resonator.
On resonance with the ring, 0 = 2mz, m integer, the fraction of input power transmitted by the modulator is given by
The transmission of the composite MZI-ring modulator is plotted in Conventional MZI modulator transmission.
Note that for a high-Q resonator (a = I), the portion of the transmission curve near V = 0 is very steep compared to the conventional MZI curve, resulting in a reduced switching voltage. The voltage reduction factor can be expressed as For a = 0.999, VJV, = 1/32, with an associated electrical power reduction factor of PJPz = 1/1024. Even in practical devices, where it may not be possible (or desirable) to achieve extremely low loss rings, the reduction in switching voltage for this modulator configuration can still be significant. The optical modulation bandwidth of this device is approximately equal to the inverse of the loaded resonator photon lifetime, which sets a practical limit on a.
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